Helicobacter pylori strain diversity was investigated in 55 H. pylori seropositive couples in Taiwan in biopsy samples from the antrum and corpus. Two DNA typing methods were used to characterize 90 isolates from 25 couples. In only 1 of the 25 couples was the same strain colonized from both partners. Comparison of isolates from 2 sites in each of 40 patients showed that 9 pairs were distinct but might be related. Peptic ulcer occurred in 77.8% of these 9 patients compared with 29% of 31 patients with the same predominant strain in 2 biopsies ( ). Random amplified polymorphic DNA and sequence analyses of 2 closely related P = .025 isolates from 1 patient support the hypothesis that development of genetic diversity of H. pylori results from horizontal genetic exchange during long-term colonization of mixed bacterial populations.
Helicobacter pylori strain diversity was investigated in 55 H. pylori seropositive couples in Taiwan in biopsy samples from the antrum and corpus. Two DNA typing methods were used to characterize 90 isolates from 25 couples. In only 1 of the 25 couples was the same strain colonized from both partners. Comparison of isolates from 2 sites in each of 40 patients showed that 9 pairs were distinct but might be related. Peptic ulcer occurred in 77.8% of these 9 patients compared with 29% of 31 patients with the same predominant strain in 2 biopsies ( ). Random amplified polymorphic DNA and sequence analyses of 2 closely related P = .025 isolates from 1 patient support the hypothesis that development of genetic diversity of H. pylori results from horizontal genetic exchange during long-term colonization of mixed bacterial populations.
Helicobacter pylori is the principal causative agent of chronic active gastritis and peptic ulcer disease [1] . Of particular importance is its role as a risk factor for gastric carcinomas. Infection occurs in ∼50% of adults in developed countries and reaches 90% in developing countries [2] . Acquisition is common in childhood, most frequently in persons !15 years old. In adults, rates of acquisition are estimated to be 1% and 3% per annum in developed and developing nations, respectively [3] .
High risk of infection by the same type of H. pylori strain has been indicated for people in close contact, such as institutionalized children and members of the same family [4] . In a report from Greece, spouses of duodenal ulcer patients were infected with H. pylori strains of the same ribopattern in 8 (44%) of 18 couples [5] . In a report from Taiwan, on the contrary, both partners of 5 couples were found not to be infected with identical organisms, despite evidence of familial coinfection with the same strain among other members [6] .
In this study, we investigated H. pylori strain diversity in infected couples by sampling 2 sites within the stomach. Two DNA typing methods were utilized to characterize H. pylori strains: first, polymerase chain reaction (PCR)-based restric-tion fragment length polymorphism (RFLP) typing of a 2.0-kb midregion of the vacuolating toxin (VACA) gene and PCR-RFLP analysis of a 2.4-kb region of the UREA-UREB genes [7] , and second, PCR-based random amplified polymorphic DNA (RAPD) typing [8] . Since the VACA gene is markedly divergent in the middle region among different alleles (m1/m1T, m2) [9] , further genetic heterogeneity was assessed by sequencing analysis of this region.
Materials and Methods
Subjects. During 10 months (June 1996-April 1997), married couples who had routine physical examinations at Taichung Veterans General Hospital, Taichung, Taiwan were screened for serum IgG H. pylori antibodies by ELISA (Entwicklungslabor, Freiburg, Germany). Fifty-five seropositive couples aged 27-71 years (mean, 51.5 years) were enrolled in this study.
Diagnosis and isolation of H. pylori strains. Endoscopy was performed for all 55 couples. The endoscopic findings were recorded by the endoscopist at the completion of each procedure. Two biopsy specimens were obtained from the gastric antrum and 2 from the corpus in the stomach of each patient. One antral and 1 corpus biopsy specimen were for the Campylobacter-like organism (CLO) test. The other 2 specimens were used for H. pylori culture [10] .
PCR-RFLP, RAPD typing, and DNA sequencing. Chromosomal DNA was prepared from H. pylori strains as described elsewhere [10] , and PCR-RFLP of VACA and UREA-UREB was performed as described elsewhere [7] . RAPD typing was done essentially as described elsewhere [8] , using 0.1 ng of chromosomal DNA and primer 1281 (5 -AACGCGCAAC-3 ). The cycling program was as follows: 1 cycle at 94ЊC for 5 min; 36 cycles at 94ЊC for 1 min, 45ЊC for 1 min, and 72ЊC for 1.5 min; and then 1 cycle at 72ЊC for 10 min. A second primer, 1283 (5 -GCGATCCCCA-3 ), was also used to type selected isolates to confirm the results obtained with primer 1281 [8] . For sequence analysis of the VACA middle region, ME-F (5 -CAATATCAACAAGCTCATTACG-3 , corresponding to 2380-2401 bp of U05676), or ME -F (5 -AACGAGCTCATTA-CGGCTTCCAC-3 , corresponding to 2387-2409 bp of U05676), and MF-R (5 -CACCATGCTTTGATTGCCG-3 , corresponding to 3154-3172 bp of U05676) were used for amplification of a 0.79-kb fragment. Nucleotide sequences of PCR-amplified VACA fragments were determined on both strands by the dideoxy chain termination procedure [11] . Alternatively, PCR products to be sequenced were subcloned into the pGEM-T plasmid (Promega, Madison, WI) according to the manufacturer's instructions. DNA sequencing was performed by the same method with an ABI prism dye terminator cycle sequencing ready reaction kit (Perkin-Elmer Cetus, Foster City, CA) in an automated DNA sequencer (model 377-96; Perkin-Elmer). Sequence analysis was done with the University of Wisconsin (Madison) Genetics Computer Group package.
Statistical analysis. The association between different groups of patients and H. pylori-related diseases was analyzed by x 2 with Yates's correction.
Nucleotide sequence accession numbers.
The nucleotide sequences were submitted to GenBank under accession numbers AF132301-AF132306.
Results
Among 55 anti-H. pylori seropositive couples, 15 couples were negative for the CLO test and for H. pylori culture in 1 of the 2 partners. The remaining 40 couples were considered to be H. pylori positive. H. pylori strains were isolated by culture in both the husband and the wife in 30 of the 40 couples; in total, 130 H. pylori strains were isolated from 160 biopsies (1 antral specimen and 1 corpus specimen per person). Because of the loss of at least 1 paired strain from each of 5 couples during storage or after subculturing, molecular characterization of H. pylori strains was done for 90 isolates from the remaining 25 couples.
A 2.0-kb VACA PCR product and a 2.4-kb UREA-UREB product were obtained for all 90 isolates. By HaeIII digest of the amplified VACA PCR products, 23 distinct patterns were observed: 17 patterns could be typed according to previous results [7] ; the other 6 patterns (RFLPs 29-34) had not been seen in earlier studies ( figure 1A ). For the UREA-UREB RFLP typing, 17 different patterns were observed, and 3 new types (RFLPs 20-22) were found (figure 1B). Table 1 summarizes the RFLP patterns of 90 isolates.
We first sought to compare the RFLP profile of a patient with that of his or her spouse. Of 25 couples, all but 1 (36A and 36B) harbored strains of distinct RFLPs. Further analysis by RAPD typing also confirmed these data ( figure 1C) . To further assess whether there was genetic variation in the VACA midregion, v294 and v296 from couple 36 were sequenced and compared. Analysis of the aligned VACA sequences (2410-3052 bp of U05676) showed 100% nucleotide identity.
We next sought to compare H. pylori isolates from the antrum and body in a single patient. Since H. pylori was not always isolated from the 2 sites in a single patient and some isolates from each biopsy did not survive storage, isolates were available from both sites for only 40 patients. Among these patients, 31 had strains of identical RFLPs at the 2 different locations (table  1) . Further RAPD analysis also showed identical patterns between the 2 sites in each of the 31 pairs. Of the other 9 patients, patient 35A had 2 isolates (v290 and v291) of distinct RFLPs and RAPD patterns. Sequence comparison of the aligned VACA midregion between v290 and v291 also revealed 78% nucleotide identity. The remaining 8 pairs (5A, 8A, 8B, 20A, 28A, 29A, 45B, and 48B) shared 1 identical RFLP profile and 1 distinct RFLP profile for each pair. RAPD comparison of each of the 8 pairs indicated that 5A and 28A had 2 isolates of distinct patterns; the other 6 pairs had similar profiles (figure 1C). Minor differences were seen in the presence or absence of particular bands. Results from RAPD using the second primer, 1283, also showed very small differences (data not shown). Strains v225 and v226 from 20A were then sequenced and compared. In the aligned 0.64-kb VACA midregion, there was 87% nucleotide identity. Further comparison with other published strains indicated that v226 was highly homologous to m2 strains (95.8% nucleotide identity with Tx30a) but not m1/ m1T strains (69.6% nucleotide identity with 60190). Of interest, v225 was much more homologous to m1/m1T strains in the 5 -end portion but highly homologous to m2 strains in the 3 -end region, showing an m1m2 chimeric type as observed in previous studies [11, 12] . These 2 strains contained 324-bp identical sequences in the 3 end but had 73.7% identity in the other end ( figure 1D ). In addition, no other published strains were entirely identical with v225/v226 in the 324-bp region; the most homologous strain (AF030399) had 93.6% nucleotide identity.
Nine of the 40 patients had different isolates from 2 biopsies and were considered to be infected with variant strains distributed within the stomach (group I patients). The other 31 patients had a single predominant strain colonized in both specimens (group II patients). To evaluate whether there was any association with clinical outcome, we found that 7 of the 9 group I patients had peptic ulcer disease, compared with 9 of the 31 group II patients ( ). This suggests that persons P = .025 with multiple-strain infections may be more likely to have peptic ulcers.
Discussion
In the present investigation, by use of different DNA typing methods, we found that only 1 of 25 infected couples were colonized with the same strain of H. pylori. These data agree well with previous results [6] and indicate low frequency of intraspousal spread in Taiwan. Even though clustering with the same strain among a parent and children in a family is common globally, our results indicate variations in frequency of intraspousal transmission in different geographic areas. The prevalence of H. pylori reaches a plateau of ∼60% at age 30 years in Taiwan [6] , compared with ∼30% in Italy [3] . Thus, it is possible that a majority of patients in this study had acquired a predominant infecting strain in the stomach before marriage, perhaps in early childhood. Subsequent acquisition of other strains or simultaneous infection by multiple strains might be possible, because 9 of 40 patients in this study had distinct strains at 2 different locations in the stomach. Given that only 2 specimens per person were examined in this study, a higher proportion of patients might be found to be infected with у2 strains when more sites are examined. In developed countries, in contrast, persons are rarely colonized with 11 strain [9] . The finding of a high proportion of subjects with multiple-strain colonization in our study may indicate that the prevalence of infection with multiple strains varies geographically.
Of particular interest was the finding of genomic similarity between v225 and v226 in patient 20A: v225 was characterized as an m1Tm2/chimeric type and v226 as an m2 strain. These 2 strains had 324-bp identical sequences in the 3 end of a divergent VACA midregion and similar RAPD patterns. We hypothesize that horizontal genetic exchange mechanisms, such as natural transformation or conjugation of mixed infections, might possibly take place in the stomach during long-term colonization, eventually evolving into closely related strains like v225 and v226. Indeed, Kersulyte et al. [13] had similar observations of recombinants during mixed human infection, and Suerbaum et al. [14] indicated highly frequent recombination within H. pylori. Furthermore, infection with unrelated strains in a mouse model results in strain differentiation [15] . This may also provide a way to generate a more competitive strain to adapt to a particular host for a lifetime.
We also found that persons in Taiwan with apparently distinct strains distributed between the antrum and corpus had higher ulcer prevalence. Because all Taiwanese isolates are the s1a type (presumed to be more toxic) and 170% of strains produce detectable vacuolating activity [11] , patients with у2 strains would be expected to have a greater chance of having cytotoxic strains. Another concern is that there might be genetic exchanges among such mixed bacterial populations as presented here, thereby generating a more virulent strain. Such persons are thus more likely to be vulnerable to peptic ulceration. This may also have implications for understanding why there is a low frequency of infection with the same predominant strain within infected couples in Taiwan.
